ABSTRACT
INTRODUCTION

34
Many industries generate liquid residues which, besides containing biodegradable organic matter, 35 contain nitrogen concentrations that can frequently pollute the water course receptors [1] [2] [3] . Nitrogen is found 36 in its different forms in wastewaters [4] [5] [6] [7] . It is a by-product of industrial processes, mainly from the 37 fertilizer, food, agricultural and livestock industries [8] .
38
It is well-known that one form of nitrogen, ammonia, has an inhibitory effect on anaerobic digestion. hybrid reactors treating landfill leachates, and concluded that anaerobic filters and hybrid reactors were more 55 efficient. The latter study showed that UASB reactors can be improved if ammonia inhibition can be 56 decreased.
57
The use of natural zeolites to decrease the ammonia level in wastewater has been studied, showing the proteins, aminoacids and urea.
68
The UASB reactor is an ideal anaerobic process for organic matter removal, but to achieve the best 69 results, preventing the removal of the microbial granules from the reactor is paramount [18] . Table 2 . After this acclimation stage, sets of experiments were 141 carried out in continuous mode as shown in Table 2 .
142
The change from one experimental condition to another was made after the steady state of the previous 143 condition had been reached, which was assumed to have taken place after a period equivalent to 15 times the
144
HRT values, and also when several parameters remained almost constant. Once the steady state was reached,
145
triplicate samples were taken three times a week from the influent and effluent of each UASB. The steady- 
155
In order to compare the effect of zeolite on alkalinity, parameter α, which relates the partial alkalinity 156 with total alkalinity, was calculated as follows:
Partial alkalinity (as CaCO ) Total alkalinity (as CaCO )
Alkalinity was determined by titration using 0.1 N HCl (or another strong acid) at two equivalent 160 points:
161 -pH 5.75 or partial alkalinity.
162
-pH 4.3 or total alkalinity.
163
The fluidization potential of the sludge bed was evaluated by measuring particle size distribution, and 164 calculating the sedimentation rate from these data [28] . The sedimentation rate of a spherical particle can be 165 estimated as follows:
where
168
V p = terminal sedimentation rate of particles. 
174
The density of the solid particles was measured experimentally according to:
where x is the weight/weight percentage, and the subscripts w and s refer to water and dry solid, respectively.
177
The solid particle diameter was calculated from
where 180
x i = weight fraction of the mass retained by sieve "i" in relation to the sample's total mass.
181
d p,i = average of the opening of the upper sieve and that of the sieve on which mass m was retained.
182
To calculate the particle diameter, the mean surface diameter or Sauter diameter was used, which 183 represents the diameter that a hypothetical particle with the same volume to surface area ratio as that of the by sifting, i.e., the total mass present on the sieves, which means the biomass plus the retained residual water 188 for the reactor without zeolite, and for the reactor with zeolite, the biomass, the retained residual water and size of the sieves 1, 2, 3, 4 and 5 (bottom) used in this study were 2, 1, 0.65, 0.25 and 0 mm, respectively. decantation and 2 days of complete recirculation), particle drag is less than 50%.
217
In spite of the high influent nitrogen concentration and the low hydraulic retention time, the start-up 218 time was short compared to the values reported in Table 3 . This can be explained by the amount of inoculum 219 used. Table 3 To confirm that all the stable operating conditions had been reached, COD and ammonia 228 concentrations were measured in the effluents of both reactors for one week, and the results shown in Figure   229 2. As can be seen, there were no significant variations of those values in the analyzed time period. In 
257
The lower COD removal efficiency achieved in this study with respect to that obtained in other studies organic loads of between 2.9 and 5 kg/m 3 d, more than three times lower than those used in this work.
276
-Ammonia concentration: when the COD/N ratio was analyzed, it was observed that the amount of nitrogen 277 is approximately 10 times higher than the inhibitory limit, so the operation was carried out under conditions values in the reactor without zeolite, which is attributed to the nitrogen levels within. Table 4 shows the mean Sauter diameters in the reactors with and without zeolite, and the 325 sedimentation rates at different operation times. As can be seen, except for day 28 the sedimentation rate of 326 the reactor with zeolite was greater than that of the reactor without zeolite, and this can be attributed to the 327 fact that the density of the sludge mantle of the reactor with zeolite was higher than that of the reactor 328 without zeolite, requiring a higher velocity to drag it out of the reactor. Moreover, in most cases the reactor 329 with zeolite had larger particles which also increased the sedimentation rate. The average granule size Table 4 shows that the values obtained in the 336 reactor with zeolite were much higher than those obtained in the reactors without zeolite. This is attributed to 337 the fact that the granule density obtained in the reactor with zeolite (ρ s = 1450 kg/m 3 ) is 38% greater than that 338 in the reactor without zeolite (ρ s = 1050 kg/m 3 ). This difference can be attributed specifically to the use of 339 zeolite, which decreases the VSS/TSS ratio and increases sludge density [46] .
340
For the reactor without zeolite, the sedimentation rates found coincide with those expected for the reactor without zeolite (Fig. 6A) , it was observed that for holes of 1 and 2 mm there was a small percentage 354 of solids (less than 15%), and, therefore, a small number of granules reached diameters greater than 1 mm.
355
The bottom plate contains biomass smaller than 0.25 mm, which corresponds to biomass that did not come to 356 form granules. This biomass did not exceed 15% of the total, and it decreased as the experiment proceeded.
357
On day 28 it was observed that the largest amount of VSS was on the 0.25 mm sieve and the second largest has been reported that a granulometry procedure based on manual humid sieving, as used in the present work, tedious, imprecise or expensive and hardly ever applied in full-scale treatment plants [51] .
368
With respect to the reactor with zeolite, Figure 6B shows a trend similar to that of the reactor without Table 1 536
Characteristics of the synthetic wastewater used in the study. 
